Abstract Gentle ovarian stimulation protocols, such as 'mini-IVF', have several potential advantages over conventional IVF protocols, including less medication and fewer injections, producing fewer eggs, but eggs of higher quality. The particular 'mild' stimulation protocol called 'mini-IVF' is described. This protocol requires a reliable and cheap method for embryo cryopreservation such as vitrification, because of the negative impact of clomiphene citrate on the endometrium and since cryopreserved embryo transfers with this protocol have yielded much higher pregnancy rates than fresh transfers. In this series, patients were not denied treatment based on their day-3 FSH value or ovarian reserve. Yet very acceptable pregnancy rates were achieved (20% for fresh embryo transfers and 41% for cryopreserved embryo transfers). These results strengthen the argument for a mini-IVF protocol and vitrification as an alternative to standard conventional IVF stimulation protocols. Now a randomized control trial with cryopreserved single-embryo transfer is required. 
Introduction
The 'mini-IVF' protocol evolved with the intention of providing more natural stimulation for IVF. In this unusual protocol, clomiphene citrate, a competitive inhibitor of oestradiol, was used to stimulate the ovary by elevating FSH secretion of the pituitary gland. Continuation of clomiphene citrate beyond the usual 5 days was also able to inhibit the LH surge (Teramoto and Kato, 2007) . Thus, a longer stimulation was achieved with clomiphene citrate and premature LH surge was prevented by the antioestrogen effect of clomiphene on the pituitary when the oestradiol began to rise. A very low supplemental dose of FSH was administered every other day from day 8. Once adequate follicle development was noted, a nasal spray of gonadotrophin-releasing hormone agonist (GnRHa) was administered to trigger an LH surge for the final maturation of oocytes.
Gentle ovarian stimulation protocols have been shown to have many advantages over conventional ovarian stimulation protocols. There have been several reports of improved egg quality in IVF protocols with less medication (Baart et al., 2007; Collins, 2009; de Jong et al., 2000; Devreker et al., 1999; Fauser et al., 1999; Heijnen et al., 2007; Pelinck et al., 2007; Polinder et al., 2008; Van der Gaast et al., 2006; Verberg et al., 2008 Verberg et al., , 2009a . Gentle ovarian stimulation protocols use fewer injections of drugs, thus reducing pain from multiple daily injections and dramatically reducing drug costs (Sophonsritsuk et al., 2005) . With conventional stimulation, patients tend to drop out from treatment cycles due to the inability to tolerate the pain from 2-3 weeks of daily drug injections and the cost component of the medications (Verberg et al., 2008) . Mini-IVF is less expensive than conventional IVF for other reasons as well. With less follicles to aspirate and less eggs for the laboratory to manage, many more procedures can be performed with less effort and less cost (Check, 2007; Heijnen et al., 2007; Polinder et al., 2008; Teramoto and Kato 2007) . The question is whether the already-demonstrated improvement in percentage of good-quality embryos with a mild stimulation protocol is sufficient to outweigh the larger number of embryos obtained with conventional stimulation (Devreker et al., 1999; Verberg et al., 2009a,b) . The aim of the present study was to evaluate retrospectively the outcomes of patients who underwent Mini-IVF using clomiphene citrate and also to evaluate the efficacy of vitrification for embryo cryopreservation in such a programme.
Materials and methods

Study subjects and protocol
These study patients include women who underwent a mini-IVF protocol from 2006 to 2009 in New Hope Fertility Center, NY, USA. Clomiphene citrate 50 mg (Clomid; PAR Pharmaceutical, USA) was initiated orally each day, beginning on day 3 for ovarian stimulation and continued until the follicles were developed sufficiently for ovulation triggering. Subcutaneous administration of 150 IU human menopausal gonadotrophin (Menopur; Ferring Pharmaceuticals, Tarrytown, NY, USA) every 48 h was begun on day 5 or 8 depending on the day-3 FSH concentration. GnRHa (nasal spray, nafarelin acetate nasal solution 300 lg, Synarel; Pfizer, USA) was administered to trigger an endogenous LH surge for the final maturation of the oocytes. Maturation was triggered when the diameter of the dominant follicle reached up to 18 mm or more and the oestradiol concentration reached up to 300 pg/ml or more. Oocyte retrieval was performed under ultrasound guidance 32-34 h after the administration of GnRHa nasal spray. This study did not require review by an institutional review board as it involved the retroactive and anonymous review of medical records to which all patients had consented in writing.
Avoidance of premature cancellation and failed retrieval
Two additional methods were used to avoid premature ovulation. Indometacin 50 mg (Indocin; Merck and Co, USA) was used on the day of GnRHa nasal spray for delaying ovulation without preventing LH induced maturation. Also if the LH concentration began to increase (only partially suppressed by clomiphene citrate), a tiny 8 lg dose of antagonist cetrorelix acetate (Cetrotide; ASTA Medica AG, Frankfurt am Main, Germany) was added in the morning.
Vitrification
For vitrification the cryoprotectant solution was a combination of ethylene glycol and dimethyl sulphoxide (DMSO; cat. no. 90133; Irvine Scientific, Santa Ana, CA, USA). The detailed methodology has been well described previously (Al-Hasani et al., 2007; Antinori et al., 2007; Cobo et al., 2007; Homburg et al., 2008; Kagawa et al., 2007; Katayama et al., 2003; Kuwayama 2007; Kuwayama et al., 2005; Luyet and Hodapp 1938; Nagy et al., 2007; Polge et al., 1949; Selman et al., 2006; Stehlik et al., 2005; Vajta and Kuwayama, 2006; Vajta and Nagy, 2006; Yoon et al., 2007) . Embryos were cryopreserved using vitrification if they reached the blastocyst stage by day 5 or day 6. The embryo was transferred initially into increasing concentrations of equilibration solution (7.5 mol/l ethylene glycol and 7.5% DMSO in 20% synthetic serum substitute (SSS)) for 10-15 min, followed by placement for less than a minute in vitrification solution (15 mol/l ethylene glycol and 15 mol/l DMSO in 20% SSS and 0.5 mol/l sucrose). The embryo was not left in a droplet. All excess fluid was removed by pipette from the Cryotop platform so that there was only a film of fluid surrounding it, in order to allow for the most rapid temperature drop. The embryo was then directly immersed into liquid nitrogen. The Cryotop containing the embryo was placed in a canister in the liquid nitrogen tank for storage. Blastocyst quality was assessed according to the criteria of Gardner and Schoolcraft (Gardner and Schoolcraft, 1999) . In the warming step, embryos were placed in decreasing concentrations of sucrose solutions to remove the cryoprotectants. The Cryotops were rapidly plunged into a 37°C dish containing warming solution (1.0 mol/l sucrose). The embryos were then slowly introduced in a step-wise fashion to dilution solution (0.5 mol/l sucrose). A wash solution (0.0 mol/l sucrose) was slowly added to embryos in the dilution solution and the final rinse for the embryos was in a 100% wash solution (Kuwayama et al., 2005) .
Embryo transfer
Embryo transfers were performed under ultrasound guidance with a Teramoto catheter (Kitazato-Japan). For fresh embryo transfer cycles, a day-2 or day-3 embryo was transferred, while in cryopreserved transfer cycles, a day-5 or day-6 blastocyst was transferred in a natural cycle or a hormone replacement cycle. In the hormone replacement cycles, oestradiol 2 mg per day (Estrace; Watson Laboratories, USA) was started from cycle day3 and Crinone 8% (90 mg twice daily; Colombia Laboratories, USA) progesterone gel was added from cycle day 12. Single-embryo transfer was performed in all couples regardless of the age of the patient if a good-quality embryo was available. If one good embryo was not available, double-embryo transfer was performed. Good quality for day-2 and day-3 embryos was defined as grades 1 and 2 according to Veeck's criteria (Scott et al., 1991) . For day-5 and day-6 blastocysts, good quality was defined as being greater than 3AA in the criteria of Gardner and Schoolcraft (1999) . Vitrified blastocysts were warmed and transferred in subsequent natural cycles 6 days after ovulation. Clinical pregnancy was confirmed by human chorionic gonadotrophin (HCG) concentration and ultrasound demonstrating fetal heartbeat.
Statistical analysis
The patients were categorized based on female age, day-3 FSH concentrations ( 15 IU/l, >15 IU/l), the type of embryo transferred such as fresh day-3 embryo transfer or cryopreserved day-5 or day-6 embryo transfer The day-3 FSH concentration over 15 IU/l was chosen arbitrarily as a cut-off between two levels of ovarian reserve.
The total number of initiated cycles, cancelled cycles and embryo transfer cycles were calculated for both fresh and frozen embryo transfers. Pregnancy rates in each group were calculated. The statistical software package Graph pad InStat 3 was used for all data analysis. Categorical variables from fresh and cryopreserved transfer groups were analysed with two-tailed t-test and chi-squared test with Yate's correction. A P-value <0.05 was considered significant.
Results
A total of 2516 patients (1580 patients with day-3 FSH 15 IU/l, 998 patients with day-3 FSH >15 IU/l) underwent IVF treatment using a mini-IVF protocol. A total of 2957 cycles were initiated with 2741 retrieval cycles, 577 fresh transfer cycles and 926 cryopreserved transfer cycles. A total of 496 pregnancies were achieved, of which 380 pregnancies were from cryopreserved embryo transfer. For day-3 FSH 15 IU/l and >15 IU/l, the average number of oocytes per retrieval was 2.3 ± 2.2 and 2.1 ± 2.1 (a very low number of oocytes). The rate of cancellation was low with an average of 6.8% with FSH 15 IU/l and 8.0% with FSH >15 IU/l (Tables 1 and 2).
A total of 1503 transfers were performed from the 2957 initiated cycles (Tables 3-6). The average number of embryos transferred varied from 1.0 to 1.4 in patients with No. of days with 50 mg CC (mean ± SD) 9.8 ± 2.7 10.0 ± 3.0 9.8 ± 2.8 9.9 ± 2.8 9.7 ± 3.1 9.5 ± 3.1 10.0 ± 2. ages 41-45 years for all cycles, but rarely greater than just a single embryo. The overall clinical pregnancy rate was 33% for the 1503 transfers. This total included patients with FSH >15 IU/l aged 41 to over 45 years. The twin pregnancy rates per embryo transfer ranged from 0-2.1% in fresh cycles and 0-5.2% in cryopreserved cycles (Tables 3-6 ). There were no triplet or higher multiple pregnancies. The clinical pregnancy rate was better with vitrified-warmed embryo transfer cycles than with fresh embryo transfer cycles (41% versus 20%; P < 0.05). The FSH concentration did not have a significant effect on pregnancy rate per transfer in fresh and cryopreserved cycles (Tables 3-6 ).
There were 981 warming cycles out of which only 55 cycles were cancelled (5.6%). All vitrified-warmed transfers were with blastocysts. There were no pregnancies with triplets or more (Tables 5 and 6).
Results were compared in patients with day-3 FSH 15 IU/l or >15 IU/l and in patients of increasing age, in both fresh and cryopreserved transfers. For women under 35 years of age and FSH 15 IU/l for fresh embryo transfers, the pregnancy rate per embryo transfer was 26.8% (Table 3) and for cryopreserved embryos, the pregnancy rate per embryo transfer was 47.7% (Table 5 ; P < 0.05). Interestingly, even for FSH >15 IU/l, the pregnancy rate for women under 35 years of age was 52.6% (Table 6 ) and for those with FSH >15 IU/l and over 40 years of age, the pregnancy rate per cryopreserved blastocyst transfer was an encouragingly high 30.8%. It should be noted that all fresh transfers were cleavage-stage embryos and all cryopreserved transfers were blastocysts.
It is also of interest to note the percentage of embryos that developed to blastocysts. Conversion to blastocyst stage is skewed lower by the fact that the single best cleav- age-stage embryo was transferred fresh on day 2 or 3 and only any extra embryos (if there were any) were cultured on to blastocyst stage and cryopreserved (Tables 7 and  8 ). An average of 60% of eggs cleaved to day-3 embryos with day-3 FSH 15 IU/l and age <38 years. Of those, 62% developed to blastocysts. Thus, about 33.4% of eggs developed to blastocysts with the mini-IVF protocol. More surprisingly, with FSH >15 IU/l, 71-100% of eggs cleaved to day-3 embryos in the age groups from <35 to 41-42 years (Table 8) . About 50% of those in the age groups from <35 to 38-40 years developed to blastocyst stage. The FSH concentration did not have a significant effect on the cleavage rate. For the cleavage rate to day-3 embryos, there were no significant differences except with the age groups 35-37 and 41-42 years (Tables 7 and 8; P < 0.05). For the cleavage rate to blastocysts, no significant differences were seen in each age group (Tables 7 and 8) . Although results declined with increasing age, when eggs were obtained in older women, however few, there was an unexpectedly high blastocyst conversion rate.
Discussion
Gentle ovarian stimulation protocols were developed for patients desiring a less stressful and less expensive mode of IVF treatment to achieve a pregnancy. The question is whether such a protocol has acceptable pregnancy rates. The concept of the mini-IVF protocol described here is based on the continued secretion of FSH by abolishing the negative feedback of oestradiol on the pituitary with clomiphene citrate.
For this purpose, a small dose of oral clomiphene citrate was initiated from day 3 continuously (not just 5 days) and subcutaneous administration of 150 IU of FSH every other day was begun on day 5 or 8 until the follicles had developed sufficiently for ovulation, as shown by serial sonograms and oestradiol concentrations. In this way, not only is the pituitary stimulated to release FSH for longer, but also the LH surge is inhibited by the same competitive oestrogen-blocking mechanism, thus suppressing premature ovulation (Teramoto and Kato, 2007) .
Although a mini-IVF protocol is easier, safer and less expensive than standard conventional IVF protocols (Zhang et al., 2005) , the question is whether it has an adequate success rate. In other words, is it really possible to achieve pregnancy rates with retrieval of only two or three eggs with mini-IVF that are comparable to what can be achieved with 10-20 eggs using conventional stimulation protocols? To answer this question definitively would require a randomized controlled trial, which this study is not. However, it is well established that with gentle ovarian stimulation, there is a greater percentage of good-quality eggs (although a smaller number) than with higher-dose conventional stimulation (Verberg et al., 2009a,b) . But can this concept translate into favourable results with gentle stimulation IVF protocol compared with general expectations?
The use of clomiphene citrate to induce ovulation for anovulatory women was discovered more than 60 years ago and was the first-line treatment for women with absent No. of day-3 embryos cleaved to blastocyst/no. of day-3 embryos. There were no statistically significant differences between day-3 embryos cleaved to blastocyst in the FSH <15 IU/l ( Table 7) and FSH >15 IU/l groups. a No. of embryos cleaved to day 3/no. of embryos intended to cryopreserve. No. of day 3 embryos cleaved to blastocyst/no. of day-3 embryos. c Comparison of embryos cleaved to day3 between FSH <15 IU/l ( Table 7) and FSH >15 IU/l. or irregular ovulation due to hypothalamic pituitary dysfunction (Greenblatt et al., 1961) . Clomiphene citrate contains an unequal mixture of two isomers, enclomiphene and zuclomiphene, as citrate salts. Zuclomiphene is potent for inducing ovulation and has a longer half-life than enclomiphene.
Clomiphene citrate increases FSH release from the anterior pituitary and this is often enough to set into motion the cycle of events leading to ovulation. Furthermore, the premature LH surge can be controlled by continued administration of clomiphene citrate for more than 5 days (Teramoto and Kato, 2007) .
The anti-oestrogenic action of clomiphene citrate can usually inhibit the LH surge regardless of the elevation of oestradiol concentration until the day before triggering the final maturation of the oocyte. There are exceptions to this where sometimes, despite the anti-oestrogenic effect of clomiphene citrate, a premature LH release overrides this effect of clomiphene citrate and causes cycle cancellation. Endogenous LH surge and premature ovulation had accounted for cancelled cycles in the early use of this protocol. This problem is solved in two ways: low-dose gonadotrophin-releasing hormone antagonist if LH begins to rise and routine use of indometacin.
Conventional IVF and intrauterine insemination use HCG from the human placenta or synthetic HCG for triggering of ovulation prior to egg retrieval. Since HCG has a much longer half-life (3-7 days) than LH, it stays longer in the body and it stimulates immature follicles which might then be recycled and become cysts in the following cycle. A large amount of HCG is required for triggering the ovulation, typically 10,000 IU, which is equivalent or double the amount of total gonadotrophins that a patient typically receives in a conventional daily injection protocol. In IVF treatment with clomiphene citrate, HCG is not used for triggering the final oocyte maturation and ovulation, but rather a simple nasal spray of GnRHa or an equivalent GnRHa is sufficient to produce an LH surge and subsequent oocyte maturation.
There are many reasons for using GnRHa to trigger ovulation. It stimulates the pituitary to produce a more natural surge of LH and is potent enough to induce maturation in larger follicles. Its half-life is short and so it never stimulates small follicles. This allows the body to preserve those smaller follicles for upcoming cycles, rather than stimulate them prematurely, and allows women to cycle repeatedly without taking breaks. This is especially advantageous for older patients having limited ovarian reserve. Avoiding the use of HCG also reduces the incidence of ovarian hyperstimulation syndrome (OHSS). Comparable or better results have been reported on metaphase ll oocyte quality and luteal function when GnRHa was used for triggering rather than HCG (Emperaire et al., 1992; Gerris and DeVits, 1995; Griesinger et al., 2006; Humaidan et al., 2005) . All these reasons favour the use of GnRHa over the conventional use of HCG for triggering egg maturation.
The reliance on continuous clomiphene citrate, with its negative impact on the endometrium, required a simplified, cheap, reliable method for embryo cryopreservation, for which the study centre chose the Kuwayama method of vitrification (Kuwayama et al., 2005) . The vitrification protocol was developed to overcome the deleterious effects of ice crystal formation that occurs during the slow-freezing method. Vitrification is the solidification of solution at low temperature, not by ice crystallization but by extreme elevation in viscosity during very rapid cooling (Fahy et al., 1984) . With conventional slow freezing, the temperature is gradually dropped À0.3°C per minute to create preferential crystal formation outside the cell. But this approach only reduces the cellular water content from 70% to 30%; there is still ice crystal formation. In vitrification, the temperature drop is À23,000°C per minute and there is no ice crystal formation whatsoever. So vitrification depends on a faster cooling rate with a higher viscosity of cryoprotectant and a minuscule cryosolution volume to get the most rapid temperature drop and prevent ice crystal formation inside and outside the cytoplasm of the cell (Al-Hasani et al., 2007; Antinori et al., 2007; Arav et al., 2002; Choi et al., 2000; Cobo et al., 2007; Hiraoka et al., 2004; Homburg et al., 2008; Huang et al., 2005; Kagawa et al., 2007; Kagawa et al., 2009; Kasai et al., 2002; Katayama et al., 2003; Kuwayama, 2007; Kuwayama et al., 2005; Liebermann et al., 2002; Luyet and Hodapp, 1938; Mukaida et al., 2001; Nagy et al., 2007; Polge et al., 1949; Rall, 1987; Reed et al., 2002; Selman et al., 2006; Silber et al., in press; Son et al., 2003; Stehlik et al., 2005; Vajta and Kuwayama, 2006; Vanderzwalmen et al., 2002; Vajta and Nagy, 2006; Yokota et al., 2000; Yoon et al., 2007) . Vitrification is a more secure method of cryopreservation and thus increases the possibility of using a single-embryo transfer protocol, because there is no urge from the patient to transfer more than one embryo for fear that her results with fresh embryos will be better than with cryopreserved (Al-Hasani et al., 2007) .
It cannot be inferred from the dramatically higher pregnancy rate with cryopreserved as compared with fresh transfers (41% versus 20%) in this retrospective report that cryopreserved transfer is better than fresh, because the best cleavage-stage embryo was transferred first and cryopreserved transfers were all with blastocysts. So one could argue either way, that the best cleavage-stage embryos were transferred fresh and so should give the highest pregnancy rate or that blastocysts should give the higher pregnancy rate. This study will not resolve the question of whether fresh or cryopreserved transfer is better. However, it is theoretically likely that a better endometrial receptivity can nonetheless be expected with a cryopreserved transfer and that a high overall pregnancy rate with single-embryo transfer and this protocol requires excellent cryopreservation.
Mini-IVF reduces the health risks caused by OHSS, a common and potentially fatal side effect of conventional stimulation, and it avoids pain from multiple injections of fertility drugs (Zhang et al., 2005) . The use of fewer drugs also reduces the cost. In mini-IVF, there is a very low drop-out rate during treatment because it is easy on the patient (Verberg et al., 2009a,b) . The present study observed no multiple pregnancies either in fresh and cryopreserved embryo transfer cycles. The range of twin pregnancy was only 0-2.1% in fresh cycles and 0-5.2% in cryopreserved cycles.
It has been well established that maximal ovarian stimulation, which produces large numbers of eggs, results in a lower percentage of good-quality eggs (defined as implantation rate per egg) than gentle ovarian stimulation which produces fewer eggs (Collins 2009; Verberg et al., 2009a,b) . This does not mean that patients with lower ovarian reserve, who therefore produce fewer eggs, have a higher percentage of good-quality eggs than patients with high ovarian reserve. It also does not mean that gentle ovarian stimulation produces more good-quality eggs than maximal or conventional stimulation. Verberg et al. (2009a) have shown simply that a high ovarian reserve results in more good-quality eggs and that mild stimulation produces a dramatically higher percentage of good-quality eggs and less poor-quality eggs. So the advantage of mini-IVF is that a small number of eggs are retrieved with minimal pain and minimal cost with no complications that have high implantation potential (Verberg et al., 2009a) . It does not imply that having an intrinsically low ovarian reserve is beneficial.
It is difficult to evaluate this study's pregnancy rates in comparison to conventional stimulation reports because almost all of the transfers were single-embryo transfer and some were fresh and others cryopreserved. Furthermore, the study centre tends to attract many older patients with low ovarian reserve for whom treatment is not denied nor cycles cancelled. Patient selection has a great influence on determining the success of an IVF practice, the age and ovarian reserve being the most important determinants of success. Many IVF centres decline treatment for women over 40 years of age or with high day-3 FSH values (Lenton et al., 1988; Muasher et al., 1988) . El-Toukhy et al. (2002) reported that high FSH represents reduced ovarian reserve, poor quality of eggs and high chances of miscarriage (Kojima et al., 2008) .
In many IVF centres, it is a common practice to consider the day-3 FSH value as an end marker for the patient selection procedure. Most centres hold a day-3 FSH value of 10-15 IU/l as the upper limit to decide whether to provide IVF treatment or not, since one of the large-scale studies evaluated a day-3 FSH !15 IU/l and demonstrated a decrease in pregnancy rate (Scott et al., 1989) . Many patients having high day-3 FSH are denied IVF treatment quoting reduced ovarian reserve and low success rate. In this study, treatment was not denied on the basis of age or day-3 FSH value. Obviously, providing treatments to these patients drastically reduces the overall outcome of IVF results. From the current study, the high base-line FSH concentration that is usually observed with older women due to lower ovarian reserve simply indicates the need for a mini-IVF protocol with no down-regulation and banking of embryos with back-to-back cycles. Thus pregnancies were achieved in a subgroup of patients whose day-3 FSH value is >15 IU/l that would usually be denied IVF treatment. Hence, mini-IVF may be the preferred method for low-prognosis cases, as well as for the easier cases of younger women with normal ovarian reserve.
In conclusion, this study has attempted to analyse retrospectively the results of a mini-IVF protocol. No firm conclusions are possible in such a retrospective study. However, favourable pregnancy rates can be achieved using mini-IVF with vitrification, avoiding high drug costs and complications like OHSS. Furthermore, vitrification for reliable and cheap embryo cryopreservation facilitates single-embryo transfer, whether fresh or cryopreserved. The success of medical treatment depends on providing adequate, cost-effective and safer treatment for patients. Gentle stimulation protocols such as mini-IVF may thus be a good IVF treatment option to further evaluate.
